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This Eighth revised and enlarged edition provides an up-to-date knowledge of the basic 
principles of Surveying and Levelling. The subject matter is canvassed along with theory, 
variety of examples, various types of survey techniques; survey instruments used in the field; 
measurement of distances, both vertical and horizontal; the direction of lines or angles between 
the lines, where as various levelling instruments, principles, techniques, methods applied in 
levelling are given in this text book. The subject matter is expressed in a simple language and 
practical manner. The treatment is clear, methodical as well as interesting and easy to follow.
From the earlier seventh edition, the single volume is now split into two separate independent 
books:
Book I   :  Basic Surveying and Levelling
Book II  :  Advance Surveying and Levelling.
This division has been made to better cater to the diverse needs of students, professionals, and 
educators in the field of civil engineering, land surveying, and related disciplines.
This Basic Surveying and levelling is arranged in the chapters like: Introduction, Scales, Linear 
measurements of distances, Chain Surveying and Ranging, Cross staff chain Surveying and 
Instruments, Compass Survey, Levelling, Permanent adjustments of Levels, Contouring, Plane 
Table Survey, Computation of Areas, Computation of Volumes, Minor Instruments, Global 
positioning system (G.P.S.) and Geographic information system (G.I.S.), Appendix I contains 
170 Multiple Choice Questions and Appendix II showing Abbreviated Terms used in this book 
are given at the end of the book.
The above chapters now contains:

* 254  Self-explanatory and neatly drawn sketches
* 179  Solved problems
*   47  Useful tables
* 307  Questions at the end of the chapters.

It is hoped that the book in the present form would satisfy the need of the Engineering students 
preparing for Degree Examinations of all the Indian Universities, Diploma Examinations 
conducted by various Boards of Technical Education, Certificate Courses as well as for the 
A.M.I.E., U.P.S.C., G.A.T.E., I.E.S. and other similar competitive and professional examinations. 
It should also prove of interest to the practising professionals.
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BASIC SURVEYING AND LEVELLING
DETAILED CONTENTS

CHAPTER 1	 INTRODUCTION
1-1.	 General
1-2.	 Object of survey
	 (1)	 Details
	 (2)	 Scale
1-3.	 Purposes of survey
1-4.	 Classification of surveys
1-4-1.	 Engineering surveys
	 (1)	 Reconnaissance survey
	 (2)	 Preliminary survey
	 (3)	 Location survey
1-4-2.	 Geodetic surveys
1-4-3.	 Plane surveys
	 (1)	 Depending upon the shape of framework
	 (2)	 Depending upon the type of instrument employed
1-4-4.	 Miscellaneous surveys
	 (1)	 Archaeological surveys
	 (2)	 Astronomical surveys
	 (3)	 Cadastral surveys
	 (4)	 City surveys
	 (5)	 Geological surveys
	 (6)	 Marine surveys
	 (7)	 Military surveys
	 (8)	 Mining surveys
	 (9)	 Topographical surveys
1-5.	 Difference between plane and geodetic survey
1-6.	 Principles of surveying
	 (1)	 Principle no. 1
	 (2)	 Principle no. 2
1-7.	 Uses of survey
1-8.	 Measurements and their units
	 (1)	 Linear measurement
	 (2)	 Angular measurements
1-9.	 Roll of surveyor
	 (1)	 Field operations
	 (2)	 Office work
	 (3)	 Use of instruments
1-10.	 Precision and accuracy in surveying
QUESTIONS 1

CHAPTER 2	 SCALES
2-1.	 General
	 (1)	 Engineer’s scale
	 (2)	 Graphical scale
	 (3)	 Representative fraction
2-2.	 Requirements of a scale
2-3.	 Classification of scales
2-3-1.	 Plain scale
2-3-2.	 Diagonal scale
2-3-3.	 Vernier scale
	 (1)	 Direct vernier
	 (2)	 Retrograde vernier
	 (3)	 Extended vernier
	 (4)	 Double vernier
	 (5)	 Double-folded vernier
2-3-4.	 Miscellaneous scales
	 (1)	 Comparative scales
	 (2)	 Scale of chords
	 (3)	 Shrunk scale
2-4.	 Plans and maps
2-5.	 Scale for survey maps and plans
2-6.	 Difference between topographical map and cadastral map
2-7.	 Correction due to use of wrong scale
QUESTIONS 2

CHAPTER 3	 LINEAR MEASUREMENTS OF DISTANCES
3-1.	 General
	 (1)	 Direct methods
	 (2)	 Indirect methods
3-2.	 Direct methods of linear measurements
3-2-1.	 Direct methods without instruments
	 (1)	 Judging the distance
	 (2)	 Pacing
	 (3)	 Time interval
3-2-2.	 Direct methods with instruments
	 (1)	 Chain
	 (2)	 Odometer
	 (3)	 Passometer
	 (4)	 Pedometer
	 (5)	 Perambulator
	 (6)	 Speedometer
3-3.	 Types of chains
	 (1)	 Metric chain
	 (2)	 Steel band
	 (3)	 Engineer’s chain
	 (4)	 Gunter’s chain
	 (5)	 Revenue chain
3-4.	 Folding and unfolding of chain
3-5.	 Testing and adjusting of chain
3-6.	 Instruments for marking stations
	 (1)	 Arrows
	 (2)	 Hammer
	 (3)	 Laths
	 (4)	 Nails or spokes
	 (5)	 Offset rod
	 (6)	 Pegs
	 (7)	 Plumb bob
	 (8)	 Ranging poles
	 (9)	 Ranging rods
	 (10)	 Whites
	 (11)	 Twig splits
3-7.	 Types of tapes
	 (1)	 Cloth or linen tape
	 (2)	 Invar tape
	 (3)	 Metallic tape
	 (4)	 Steel tape
3-8.	 Tape corrections
	 (1)	 Correction for absolute length or standardization
	 (2)	 Correction for height above mean sea level (MSL)
	 (3)	 Correction for pull or tension
	 (4)	 Correction for sag
	 (5)	 Correction for slope or vertical alignment
	 (6)	 Correction for temperature
3-9.	 Typical problems of linear measurements of distance
QUESTIONS 3

CHAPTER 4	 CHAIN SURVEYING AND RANGING
4-1.	 General
4-2.	 Principle of chain survey
4-3.	 Survey stations
4-4.	 Survey lines
	 (1)	 Base line
	 (2)	 Check line
	 (3)	 Tie line
4-5.	 Offsets
	 (1)	 Definition
	 (2)	 Types
	 (3)	 Taking perpendicular offsets
	 (4)	 Number of offsets
	 (5)	 Degree of accuracy in taking offset
	 (6)	 Limiting length of offset
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4-6.	 Ranging
	 (1)	 Definition
	 (2)	 Purposes
4-7.	 Types of ranging
4-7-1.	 Direct ranging
	 (1)	 Ranging by eye
	 (2)	 Ranging by line ranger
	 (3)	 Ranging by theodolite
4-7-2.	 Indirect ranging
	 (1)	 Random line ranging
	 (2)	 Reciprocal ranging
4-8.	 Chaining on plain ground
4-9.	 Points to be observed during chaining
	 (1)	 Folding and unfolding of chain
	 (2)	 Number of arrows
	 (3)	 Reading the chain
	 (4)	 Testing and adjusting chain
4-10.	 Chaining on sloping ground
4-10-1.	 Direct method of chaining
	 (1)	 Direction of work
	 (2)	 Error due to sag
	 (3)	 Horizontality of chain
	 (4)	 Length of step
	 (5)	 Record of steps
4-10-2.	 Indirect method of chaining
	 (1)	 Hypotenusal allowance
	 (2)	 Measuring angle of inclination
	 (3)	 Measuring difference in level
4-11.	 Errors in ordinary chaining
4-11-1.	 Compensating errors
	 (1)	 Adding or omitting full length of chain
	 (2)	 Calling numbers wrongly
	 (3)	 Displacement of arrows
	 (4)	 Imperfect alignment
	 (5)	 Incorrect holding
	 (6)	 Reading from wrong end of chain
	 (7)	 Reading wrong numbers
	 (8)	 Wrong booking
4-11-2.	 Cumulative errors
	 (1)	 Chain not being horizontal
	 (2)	 Chain not being straight
	 (3)	 Chain of incorrect length
	 (4)	 Error due to sag
	 (5)	 Incorrect ranging
	 (6)	 Variation in temperature
4-12.	 Degree of accuracy in chaining work
4-13.	 Field book
4-14.	 Instruments required in chain survey
4-15.	 Procedure for carrying out chain survey
	 (1)	 Reconnaissance survey
	 (2)	 Marking of stations
	 (3)	 Preparation of reference sketches
	 (4)	 Running of survey lines
4-16.	 Plotting work with conventional signs
	 (1)	 Base line
	 (2)	 Colouring
	 (3)	 Curves
	 (4)	 Existing and new works
	 (5)	 Plotting details
	 (6)	 Selection of scale
QUESTIONS 4

CHAPTER 5	 CROSS STAFF CHAIN SURVEYING AND 
INSTRUMENTS

5-1.	 General
5-2.	 Purpose
5-3.	 Basic principle

5-4.	 Instruments for setting out perpendiculars
5-4-1.	 Chain or tape
	 (1)	 Case I  : Perpendicular from a given point on chain
	 (2)	 Case II: Perpendicular from a given point outside chain
5-4-2.	 Cross-staff
	 (1)	 Adjustable cross-staff
	 (2)	 French cross-staff
	 (3)	 Open cross-staff
5-4-3.	 Optical square
	 (1)	 Mirror type optical square
	 (2)	 Prism type optical square
	 (3)	 Site square
5-5.	 Difference between cross-staff and optical square
5-6.	 Cross-staff survey
5-7.	 Obstacles in chaining
5-7-1.	 Chaining free but vision obstructed
5-7-2.	 Chaining obstructed but vision free
5-7-3.	 Chaining and vision both obstructed
QUESTIONS 5

CHAPTER 6	 COMPASS SURVEY
6-1.	 General
6-2.	 Traversing and triangulation
	 (1)	 Area covered by survey
	 (2)	 Checks
	 (3)	 Measurements
	 (4)	 Nature of area
	 (5)	 Period of work
	 (6)	 Reconnaissance survey
6-3.	 Methods of measuring direction
	 (1)	 Chain angles
	 (2)	 Included angles
6-4.	 Magnetic needle
	 (1)	 Broad needle
	 (2)	 Edge bar needle
6-5.	 Pivot
6-6.	 Compass
	 (1)	 Prismatic compass
	 (2)	 Surveyor’s compass
	 (3)	 Compass over a level
	 (4)	 Trough compass
	 (5)	 Tubular compass
6-7.	 Difference between prismatic and surveyor’s compass
6-8.	 Tripods
	 (1)	 Solid leg type
	 (2)	 Split leg type
	 (3)	 Telescopic leg type
6-9.	 Bearings
	 (1)	 Definition
	 (2)	 Meridians
6-10.	 Magnetic declination
6-11.	 Classification of declination
	 (1)	 Diurnal variation
	 (2)	 Annual variation
	 (3)	 Secular variation
	 (4)	 Irregular variation
6-12.	 Methods of designation
	 (1)	 Quadrantal bearing system
	 (2)	 Whole circle bearing system
6-13.	 Fore bearing and back bearing
6-14.	 Included angles from bearings
	 (1)	 Case I. R.B. System
	 (2)	 Case II. W.C.B. System
6-15.	 Local attraction
	 (1)	 First method
	 (2)	 Second method
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6-16.	 Chain and compass survey
6-17.	 Plotting of compass survey
	 (1)	 Included angles
	 (2)	 Parallel meridian
6-18.	 Closing error
6-19.	 Errors in compass survey
	 (1)	 Errors due to external forces
	 (2)	 Instrumental errors
	 (3)	 Personal errors
6-20.	 Precautions in using the compass
6-21.	 Accuracy and precision
	 (1)	 Accuracy
	 (2)	 Precision
6-22.	 Limits of precision
QUESTIONS 6

CHAPTER 7	 LEVELLING
7-1.	 General
7-2.	 Definitions of some common terms in levelling
	 (1)	 Backsight, foresight and intermediate sight
	 (2)	 Bench mark
	 (3)	 Change point or turning point
	 (4)	 Datum
	 (5)	 Elevation
	 (6)	 Height of instrument
	 (7)	 Horizontal line
	 (8)	 Level line
	 (9)	 Level surface
	 (10)	 Line of collimation
	 (11)	 Mean sea level
	 (12)	 Reduced level
	 (13)	 Station
	 (14)	 Vertical angle
	 (15)	 Vertical line or plumb line
7-3.	 Methods of levelling
7-3-1.	 Direct levelling
	 (1)	 Simple levelling
	 (2)	 Differential levelling
	 (3)	 Reciprocal levelling
	 (4)	 Profile levelling
	 (5)	 Cross-sectioning
	 (6)	 Precise levelling
	 (7)	 Check levelling
	 (8)	 Fly levelling
7-3-2.	 Indirect levelling
	 (1)	 Barometric levelling
	 (2)	 Hypsometry
	 (3)	 Trigonometrical levelling
7-4.	 Principles of levelling
	 (1)	 Change point
	 (2)	 Lengths of B.S. and F.S.
	 (3)	 Position of level
	 (4)	 Starting and ending
7-5.	 Instruments for levelling
7-6.	 Types of levels
	 (1)	 Dumpy level
	 (2)	 Cooke’s reversible level
	 (3)	 Wye or y-level
	 (4)	 Cushing’s level
	 (5)	 Tilting level
	 (6)	 Gradientor or gradiometer
7-7.	 Levelling staff
	 (1)	 Self-reading staff
	 (2)	 Target staff
	 (1)	 Holding the staff
	 (2)	 Reading the staff

7-8.	 Essential parts of a level
	 (1)	 Bubble tube
	 (2)	 Levelling head
	 (3)	 Telescope and its working
7-9.	 Parallax and focussing
7-10.	 Defects of a single lens
	 (1)	 Spherical aberration
	 (2)	 Chromatic aberration
	 (3)	 Coma
7-11.	 Parts of a telescope
	 (1)	 Objective
	 (2)	 Eye-piece
	 (3)	 Diaphragm
	 (4)	 Body with focussing arrangement
7-12.	 Optical characteristics of telescope
7-13.	 Accessories to a level
	 (1)	 Bubble reflector
	 (2)	 Clamp and slow motion screws
	 (3)	 Compass
	 (4)	 Dust cap
	 (5)	 Quick setting levelling head
	 (6)	 Ray shade and ray shade clinometer
7-14.	 Bench marks
	 (1)	 Arbitrary bench marks
	 (2)	 G.T.S. Bench marks
	 (3)	 Permanent bench marks
	 (4)	 Temporary bench marks
7-15.	 Temporary adjustments of levels
7-16.	 Entering the staff readings
7-17.	 Reduction of levels
	 (1)	 Collimation system
	 (2)	 Rise and fall system
	 (1)	 Accuracy
	 (2)	 Simplicity
	 (3)	 Use
7-18.	 Difficulties in levelling
	 (1)	 Levelling across high wall
	 (2)	 Levelling across river
	 (3)	 Levelling across wide lake or pond
	 (4)	 Levelling on steep slope
	 (5)	 Levelling on summits and hollows
	 (6)	 Taking reading when B.M. or staff station is above the 

line of sight
	 (7)	 Taking reading when staff is too low or too high
	 (8)	 Taking reading when staff is too near the level
7-19.	 Curvature and refraction
	 (1)	 Curvature
	 (2)	 Refraction
	 (3)	 Combined correction
	 (4)	 Methods of correction
	 (5)	 Distance to the visible horizon
	 (6)	 Dip of the horizon
	 (7)	 Remedies
7-20.	 Errors in levelling
	 (1)	 Instrumental errors
	 (2)	 Natural errors
	 (3)	 Personal errors
7-21.	 Precision of levelling
QUESTIONS 7

CHAPTER 8	 PERMANENT ADJUSTMENTS OF LEVELS
8-1.	 General
8-2.	 Fundamental axes of the levelling instruments
	 (1)	 Axis of the bubble tube and line of collimation
	 (2)	 Axis of the bubble tube and vertical axis
	 (3)	 Axis of the telescope and line of collimation
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8-3.	 Principle of reversibility
8-4.	 Precautions to be taken during the permanent adjustments
	 (1)	 Cleaning of parts
	 (2)	 Condition for adjustment
	 (3)	 Manipulation of instrument
	 (4)	 Process of adjustment
	 (5)	 Use of pin
	 (6)	 Use of screws
8-5.	 Adjustments of dumpy level
	 (1)	 Adjustment of the bubble tube
	 (2)	 Adjustment of cross-hair ring
	 (3)	 Adjustment of the line of collimation
8-6.	 Adjustments of y-level
	 (1)	 To make the line of collimation coincide with the axis 

of the telescope
	 (2)	 To make the axis of the bubble tube parallel to the line 

of collimation
	 (3)	 To make the axis of the bubble tube perpendicular to 

the vertical axis
8-7.	 Adjustments of cooke’s reversible level
	 (1)	 To coincide the line of collimation with the axis of the 

telescope
	 (2)	 To make the line of collimation perpendicular to the 

vertical axis
	 (3)	 To make the axis of the bubble perpendicular to the 

vertical axis
8-8.	 Adjustments of cushing’s level
	 (1)	 To coincide the line of collimation with the axis of the 

telescope
	 (2)	 To make the line of collimation perpendicular to the 

vertical axis
	 (3)	 To make the axis of the bubble perpendicular to the 

vertical axis
8-9.	 Adjustments of tilting level
	 (1)	 Adjustment of cross-hair ring
	 (2)	 Adjustment of the line of collimation
QUESTIONS 8

CHAPTER 9	 CONTOURING
9-1.	 General
9-2.	 Contour lines
9-3.	 Contour interval
	 (1)	 Importance of the work
	 (2)	 Money and time available
	 (3)	 Nature of the ground
	 (4)	 Scale of the map
9-4.	 Horizontal equivalent
9-5.	 Characteristics of contours
	 (1)	 Closed loops
	 (2)	 Contour of same level
	 (3)	 Hills and hollows
	 (4)	 Indication of slope
	 (5)	 Ridge and valley
	 (6)	 Saddle or pass
9-6.	 Location of contours
	 (1)	 Direct method
	 (2)	 Indirect method
9-7.	 Interpolation of contours
	 (1)	 Estimation
	 (2)	 Arithmetical calculations
	 (3)	 Graphical
9-8.	 Contour drawing
9-9.	 Contour gradient
9-10.	 Uses of contours
	 (1)	 Calculation of reservoir capacity
	 (2)	 Contour gradients
	 (3)	 Drawing of sections

	 (4)	 Earthwork calculations
	 (5)	 Intervisibility between two stations
	 (6)	 Measurement of drainage area
	 (7)	 Selection of route
	 (8)	 Strategic points
QUESTIONS 9

CHAPTER 10	 PLANE TABLE SURVEY
10-1.	 General
10-2.	 Principle of plane table survey
10-3.	 Instruments required for plane table survey
	 (1)	 Alidade
	 (2)	 Drawing board
10-4.	 Accessories required for plane table survey
	 (1)	 Plumbing fork
	 (2)	 Spirit level
	 (3)	 Trough compass
	 (4)	 Miscellaneous
10-5.	 Temporary adjustments or setting up of plane table
	 (1)	 Centering
	 (2)	 Levelling
	 (3)	 Orientation
10-6.	 Methods of plane table survey
	 (1)	 Radiation
	 (2)	 Intersection
	 (3)	 Traversing
	 (4)	 Resection
10-7.	 Two-point and three-point problems
10-7-1.	 Two-point problem
10-7-2.	 Three-point problem
	 (1)	 Mechanical method
	 (2)	 Graphical method
	 (3)	 Trial and error method
10-8.	 Errors in plane table survey
10-9.	 Advantages of plane table survey
10-10.	 Disadvantages of plane table survey
QUESTIONS 10

CHAPTER 11	 COMPUTATION OF AREAS
11-1.	 General
11-2.	 Methods for the computation of areas
	 (1)	 Analytical method
	 (2)	 Graphic method
	 (3)	 Mechanical method
11-3.	 Geometrical figures
11-4.	 Measuring grids
11-5.	 Ordinates
	 (1)	 Offsets at equal intervals
	 (2)	 Offsets at unequal intervals
11-6.	 Co-ordinates
11-7.	 Planimeter
11-8.	 Method of using a planimeter
11-9.	 Zero circle
QUESTIONS 11

CHAPTER 12	 COMPUTATION OF VOLUMES
12-1.	 General
	 (1)	 Accuracy of the field work
	 (2)	 Accuracy of the plotting
	 (3)	 Method of calculation
12-2.	 Methods for computation of volumes
12-2-1.	 Cross-sections
12-2-2.	 Level section
12-2-3.	 Two-level section
12-2-4.	 Side hill two-level section
12-2-5.	 Three-level section
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